Project-Based Curriculum (PBC) is considered one of the most powerful methods in the engineering education where each course or courses-cluster is assigned a design project which considers a series of inter-related concepts that have been shown theoretically for the students. Using this approach, the student will gain the required knowledge in an atmosphere of groups of teams where students can experience and learn the most needed inquiry, research tools and skills, teamwork skills, leadership skills, accountability, communication skills, interdisciplinary experience, curiosity, planning skills, critical thinking, and problem-solving skills. In this article, an undergraduate design experience in digital logic design course of special purpose arithmetic logic unit using Multisim, Y-0010/0020 Experiment Sets and Ulti-Board Kit is presented as an integral part of several electrical engineering courses throughout the curriculum at King Faisal University. The project was very beneficial in assessing the student outcomes a, c, d, e and k which introduced by ABET accreditation criteria.
Introduction
Design is widely considered to be the central activity of engineering education. It has also long been said that engineering programs should graduate engineers who can design effective solutions to meet social needs (CLIVE, ALICE, OZGUR, DANIEL, LARRY, 2005) . Any successful engineering curriculum must provide an integrated engineering design in its curriculum.
The college of engineering at KFU has implemented a project-based curriculum where engineering design is considered as an integral part of several engineering courses or course-clusters. In addition, to meet the requirements of ABET accreditation criteria which requires that an appropriate educational program outcomes are met (Hosni & Abdulaziz, 2012) , the electrical engineering academic staff at KFU have integrated engineering design throughout the curriculum, spanning freshman, sophomore, junior and senior level courses.
The advancement of engineering education in many ways depends on assessment. High-quality assessments can provide educators with information they can use to move the field forward. Inadequate or poorly constructed assessments can cause educators to pursue ineffective paths, resulting in the loss of time, money, and energy (Barbara, Barbara, and Ronald, 2005) . This project was very useful in assessing the student outcome (a) an ability to apply knowledge of mathematics, science, and engineering, outcome (c) an ability to design a system, component, or process to meet desired needs, outcome (d) an ability to function on single and/or multidisciplinary teams, outcome (e) an ability to identify, formulate, and solve engineering problems and outcome (k) an ability to use the techniques, skills, and modern engineering tools necessary for engineering practice which introduced by ABET Engineering Accreditation Criterion 3: Program Outcomes and Assessment (ABET Engineering Accreditation Criteria, Criterion 3).
Presented in this article is an example of engineering design experience in an undergraduate digital logic design course. It presents a special purpose initial design of a 4-Bit ALU system that meets desired needs. Basic digital design principles such as the information representation and coding methods, base conversion, arithmetic and logic of binary and two's complement numbers, Boolean algebra and digital logic gates, design of combinational circuits, application of some MSI devices such as MUXes, decoders and adders, using Multisim to simulate and verify circuits, using Y-0010/0020 experiment sets to verify the modules of the design, and a white board, chips and wires to implement and build the system were employed in the analysis, leading to the initial design of this ALU system. This kind of experience serves to enhance the understanding of the various digital logic design concepts and principles. 
Objectives
A design project set for students of Electrical Engineering at KFU is discussed in this article. The objective of this project is to obtain a hardware design of an ALU system. This project is one of the requirements of the Digital Logic Design class. Digital Logic Design is an electrical engineering sophomore level course. This project is very comprehensive and requires the understanding of most digital logic design concepts that were covered in the course in order to obtain a successful design (M. Rafiquzzaman, 2005; Hosni & Abdulaziz, 2012) . The arithmetic logic units (ALUs) are basic building blocks for processors and many other application-specific circuits. In this project, a 4-bit ALU is built. When solving many real-world problems, you need to work from vague, possibly inconsistent, and informal specifications. This project provides an example. The desired function is described at a high level and most of the details are left to the designer (i.e. the student) to decide. In addition, the project is practicing students on decomposing a large problem into modules and testing a circuit that is too large to test exhaustively.
System Specifications
The top view of ALU to be designed in this project is shown in figure 2 . This design has 11 inputs: two operands A and B each with four bits and three select bits S2, S1, and S0 to specify which of the eight functions that the ALU performs. Also, it has 6 outputs: F (the four bit result), Cout (the carry or borrow output), and ZF (Zero Detect) which is set to 1 if all bits in F are 0. The ALU can only perform eight functions listed in the following 0001 IF A > B, OTHERWISE 0000 The logical functions (AND, OR, NAND, NOR) are all bitwise and Cout is irrelevant except for add and subtract. For SetLessThan and SetGreaterThan, the inputs should be treated as 4-biT. 2's complement numbers and the outputs should be correct for any valid inputs.
Method

Design Methodology
The system to be designed in this type of projects; a "Divide & Conquer" method is used to decompose the system into smaller modules which designed, tested and verified then re-combined together in order to form the complete system. The proposed methodology throughout this project consists of the following major steps:
 Specify and design: Decompose the functionality of the ALU into modules as shown in figure 3 , and determine how these might be integrated in a single circuit. Write a specification that assigns codes to the required functions, based in part on how these modules fit together. Draw a block diagram.  Implement and test circuit in Multisim: Make sure you have a complete and well-tested circuit that implements your design.  Implement the circuit in hardware: The implementation part should match your Multisim design, and so should operate using the select codes in your specification.  
System Requirements
The importance of this project lies in exposing students to one of the electrical engineering problems that enables the students to use what they learned so far through the digital logic design course (EE231) and digital logic design lab (EE232) by using several course components such as number representation systems, Boolean algebra, Logic gates and chips, Karnaugh maps as well as combinational logic design which can be mapped to several course and student outcomes. The system to be designed, student should be able to study and determine the engineering tools that are required to accomplish the target design as well as the problem solving techniques which offered by the theoretical background learned in the course. This project requires the students to be exposed to many engineering and technical tools were listed in table 2, Tools and Equipment.
Results and Discussion
Multisim Design Simulation
The 
Hardware Implementation & Verification
The hardware design implementation using Ultiboard kit included several gates, IC's and tools shown in In order to implement the simulated design using the Ulti-board (Online datasheet source for electronic components and semiconductors) and chips, several steps were applied to get the final hardware board functioning as an ALU, as following:
Step 1: Save Multisim simulation project and then convert it to Ultiboard file in order to make it readable for the second party on national instruments which is called NI-Ultiboard. NI Ulti-board (National Instruments Website, Multisim 12.0; Online datasheet source for electronic components and semiconductors) or formerly ULTI-board is an electronic Printed Circuit Board Layout program which is part of a suite of circuit design programs, along with NI Multisim. One of its major features is the Real Time Design Rule Check, a feature that was only offered on expensive work stations in the days when it was introduced. ULTI-board was originally created by a company named Ultimate Technology, which is now a subsidiary of National Instruments. Ulti-board includes a 3D PCB viewing mode, as well as integrated import and export features to the Schematic Capture and Simulation software in the suite, Multisim.
2.
Step 2: Read the new project file using Ultiboard software then adjust the page size to fit the size of the Copper Printed Circuit Board. To avoid complexity, this step can be divided into 5 sub-steps: a. Adjust the page size to fit the size of the copper board. b. Organizing the components to have Less number of interlocking tracks as shown in figure 5 . c. Connect the components by lines(tracks) as shown in figure 6 . d. Save Ultiboard file and print out as reflection image to transparent paper as shown in figure 7.
3.
Step 3: Transfer design to production, through the following steps:
a. Print tracks from transparent paper to photo-resist board (copper board) in dark room. This can be accomplished by using Fluorescent lamp(30W) and tape, as in shown in figure 8.
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International Education Studies Vol. 6, No. 3; 2013 b. After exposure, the board is submerged in a developer(sodium hydroxide solution) in dark room. This can be accomplished by using sodium hydroxide solution and water as shown in figure 9 . c. Use ferric chloride and a Non-metallic bowl to remove the copper (etching process) on the board by ferric chloride, as shown in figure 10. d. Use Fluorescent lamp and Drill (1-0.8mm) to pierce the board as shown in figure 11 . e. Remove sensitive material residue by acetone solution. f. Installing and Welding the components into the board by using Soldering Iron and Soldering Tin. g. Installing the cover and illustrative texts using two transparent plastic panels, Glue, transparent paper and Printer. The final production is shown in figure 12 .
4.
Step 4: Connect device to source using power transformer (5V/220V) and check its electrical functionality using Multimeter.
5. table shown in table 5, Function Table for ALU (Truth Table) , where its applied with real data to the Multisim simulation, the Printed Color Board and using the pre-designed 4-bit ALU provided by Y-0010/0020 Experiment Sets and shown in figure 13 . Table) Selection CLO 6. An Ability to design a sequential logic circuits.
CLO 7. Analyze and synthesize logic circuits.
The summary of the course learning outcomes survey conducted with students at the end of the course is given below in figure 14 . The Presentation with Oral Exam was evaluated using a rubric system that contains the items: organization, subject knowledge, graphics, mechanics, eye contact, elocution. Also the teamwork skills was evaluated using a rubric system that contains the items: appreciates the value of team work, listen and considers other point of views, cooperates with team members and contributes to team work, and Able to effectively coordinate tasks with other team members.
Project results of Students
Conclusions and Recommendations
This article has discussed an example of engineering design as applied in the digital logic design course contexts according to the project-based learning pedagogy. The project involves an initial design of an ALU system based on a hardware-specific design that meets specified requirements. The project was very beneficial in assessing the student outcomes a, c, d, e and k which introduced by ABET accreditation criteria. This design project can be used to measure students' understanding of the various digital logic design concepts and principles normally covered in the undergraduate digital logic design course. The project was evaluated through several assessment items such as: Presentation with Oral Exam (10%), Report technical writing (20%), Multisim Design Simulation (25%), Hardware Design techniques (25%), Design Synthesize and Verification (10%), and Teamwork (10%).
